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: ¥erine biofoviers is the coliective teon rc* Coganis
on map-made structures placed in marine environmeaz., ~S
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dvnamic loading etc. are altered. in asdition, bhiofouli:
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Man's endeavours to exploit ocean reSOurﬂes have increased
cOﬂS;deraD1y in recenht vears, Offshare Qrilling, ccean mining, desali-
nation, ©OfIshore metallurgy, alternative food and gnergy resources are
some of the areas of ocean engineering wnich have registered rapid
progress, - The increased activities are in keeping with the gemand
4 host of meterials, egulnment and facilities wr:ich can withstand
rather hostile and aggressive marine environment. Several fectors
merit consideration before a material is recommeénded for ocean service.
These include: structural strength, predicted life, knowledge of ‘un-
certainity and thorough understanding of the behaviour of the material
against the factors causing its deterioration. It eould be due to the
impact of phvsico-chemical parameters as well &s interaction with _
various organiswms in the surrounding environment, Important among ' -,
the gdeterioration processes are the phenomena of biocfouling, corresion
and destruction by boring organisms. These processes have received
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considerable attention because they affect the economics of shipping,
transport and stability of the structures, which in turn govern the
industrial growth and economic prosperity ©f nation.

The process of biofouling, as is well-known, results due to.
the attachment of various organisms, to any mar-made structure exposed
to marine environment. The fouling assemblage comprises of plants as
well as animals, which could be microscopic or macroscopic in size,

Microfouling, a2lso known as slime or primary f£ilm, is the
first stage of fouling of @ surface exposed to sea water, They comorise
of bacteria, diatoms, microscopic algae and protozoa, Microfouling:
although unimportant Zrom the structural loading point of view, is
guite significant because it influences the attachment of macro-
organisms and alters corrosion behaviour. Some of the organisms
present in the slime £ilm are reported to be very resistant even to
toxic materials{Marine Fouling and Its Prevention, 1952).

k .

Macrofouling organisms are. generally divided into two major
types, viz., soft fouling and hard fouling., Soft fouling, also called
~grass fouling organisms include all plant species and some animal
species such as sponges and sea anemones. They are flexible and have
a specific gravity of about 1.3 to 1.4. They are important from stru- -~
ctural loading point of view angd 1ead to problems associated with
strength of .structures.

-The fouling organisms cause physical damage to the structural
materials by directly attacking them. ' Some fouling organisms can.
penetrate through coatings and in some cases the part of metal comes
0ff while removing fouling organisms. Bacteria may decompOse paints
“ﬁbn steel. structures or alter their activity, reducing their effective-
ness against corrosion (lLaQue, 1972}). Barnacles can camage paints when
they are either alive or dead. Some ‘types of clams, bivalves and
“ascidians can bore into concrete upto 40 mm depth A Snow, 198B6).

However, certain macrofouling organisms like barnacles-attach themselves
On concrete Sstructures by means of a substance called.cyprid cement
(Crisp, 1972) and protect the reinforcement £rom corrosion by increasing
‘the alkalinity of the concrete (Patil et al, 1986).

EXrreCT OF BIOFOULING ON HYDRODYNAMIC LCQADING

In the design of marine structures, the major factors taken
into account are the effect 0f waves, Millions of waves hit a marine
structure every ysar, Each of these waves exerts a force 'on the stru-
cture, depending mainly on the wave height, the wave period and the
direction of wave motion.' Out of the several effects caused by wave
action, the most important effect on the structures is the hydro-
dynamic loading. It results from the impact of ccean waves on stru-
ctures. This wave force can be evaluated by using Morison's eguation .
for a vertical cylindrlcal structural element (Shore Protection Manual.
1977} A

P ' B
= = Tr co '
F o= 2:CqDeufu] +P-Cpe2 p? 2 R € 8

where, - _
wave force per metre of the structure

density of sea water (kg/cu.m)
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D = member diameter

u = ‘waver particle velocity

a = du/dt = wster particle acceleration
Cq = drag coefficient

Cm = Mmass or inertia coefficient,

Equation (1) consists of two components viz. the drag force
component and the inertis force component. The drag force is dependent
on the water particle velocity, while the inertia force is Sependent oOn
the water particle acceleration. As both water particle velocity and
acceleration are dependent on wave height and period, the grag ani
inertia components depend upon the ratio of wave height to menmber
diameter, For small waves or large diameters, the inertia force
dominates while for the reverse conditions, the drag Iorce predominates.
This reliance may be expressed 3pproximately by Keulegan-Carpenter
Number (K), defimed as the ratio of member diameter (D) to tne wave
neight (H) {(Heaf, 1981):

If D/H > 0.2, inertia force predominates.
If D/H <« 0.2, drag force dominates.

Biofouling on marine structures increases the effective dis-
meter of the structural memdbers and also increases the surface roughness.
The increase in the effective diameter increases considerably the hydro-
dynamic loading. The thickness of marine growth varies from place to
place and with depth. 1n the absence of a detailed iniormation,

Freeman (1978) has sugaested that the thickness of marine growth may De
assumed as 250 mm, while designing marine structures, in general.

. The increase in surface roughness due to bioifouling is very
difficylt. to quantify, because of the variation in the degree of rough-
ness caused by different fouling organisms. Many investicators have
tried to correlate the drag coefficient Cg with the relative rough-
ness (k/D) where, ¥ is the roughness height and D is the membder
diameter. Saropkaya (1981) conducted laboratcry experiments on 7" and 8"
cylinders with relative rcughness ranging Zrom 1/200 to 1/800. ke gave
a plot of the wave force coefficients Cg and Cp versus Reynolcs
Number, for marine roughened cylinders (Fig 1),

1.25

1.00

075

i —

103 : 10

Wave force coefficients {CpondCy)

Reynold’s number

FIG.1 RECOMMENDED VALUES OF CpAND CM
FOR ROUGH CYLINDERS { Sarpakaya, 1981)
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Heideman ané George (1981) tried to correlate Cs with relative

roughness. They stated that a small relative roughness of (0.3% causes a
drastic increase in the values of Cg. They queted a range of values
for C3 between 0.8 and 1.2 for the marine growth with relative rough-
ness between 0.07% and 4%. These figures were for harg fouling. HOW-
ever, under actual field conditions, both hard and soft fouling co-exist.
The effect of soft foulihg on the wave force coefficients are no: known.
Heideman and George (1981) suggested that cylindrical structural members
with both hard and soZt fouling will have a lower drag ccefficient than
the members with only harg and rigid foullng. This statemernt was bzsed
on the argument that soft fouvlers give the member a more shreamllnea
shape and greater flexibility.

Recently, Wolfram etal (1985) conducted laboratory experiments
to evalvate Cg. The test cylinders were attached with various types
of marine foulers(barnacles, kelps, hard mussels and sea anemones)
separately. They were. accelerated in static water, from rest to a
predetermined terminal velocity by means of gravitational or buoyancy
forces. Their results have shown that barnacle fouling gave-a lesser
value of Cg than mussel fouling. The Cg values for mussel fouling
was between 0,75 to 0.8. The difference in Cg wvalues between these
two foulers were attributed to the relative increase in the mean
cvlindrical diameter and greater apparent roughness due to mussel
fouling.

However, Shore Protection Manual (1978) has suggested the
following values for Cg for super-critical Reynolds numbers
(Re > 1 x 10,00, 000), which is the case for offshore structures,

Type of surface ' ' Value of Cg
i) swooth surface with bitumastic 0.61
ii) bitumastic with soft and light fouling 0.88
iii) Dbitumastic with hard fouling 1,02

The effect of biofouling on the inertia coefficient €y is
difficult to assess quantitatively. The smaller the relative roughness,
the larger is the maximum inertia coefficient. Heaf (1981) states that
for larger diameter members, the effect of roughness does not influence
the inertia coefficient substantial ly.

Depending on the range of Reynolds Number, Shore Protection
Manual gives the following values for C

Cqn = 2.0 for Re < 2.5 x 1,00,000
Cp = 2.5 - Re/{5x1, 00,000) for 2.5x1,00,000 < Re < 5x1, 00,000
Cn = 1.5 for Re> 5 x 1,00,000

As stated above, the effect of biofouling on marine structures
is to increase the effective member diameter and also the surface rough- -
ness soO as to increase the hydrodynamic loading on the structure. The
extent of increase depends on the thickness, nature and pattern of ‘
fouling, This investigation attempts to quantify the increase in hydro-
dynamic loading on account of biofouling,
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DATA FOR ANALYSIS

7 In order to find the importance of loading generated by the
presence of marine fouling, a typical offshore platform is analysed in
the Bombay High area {Fig 2). 1In the area of analysis, the dep%h of
wgter is approx;mately 75 m. The design significant wave height is 8.2m
with a period of 9 seconds. The platform consists of members with
d%ameters in the range of 0.4 m to 1.5 m, For convenience, the member
diameters considered in the analysis are 0.4 m, 0.6 m, 0.6 m, 1 m 1.2m
and'l.S Mo The drag and inertia components of the vave forces are
estimated by using the relations given in Shore Protection Manual(1977).

«5.700m
0.000

-7.000

~22.000

~ L0000

FIG. 2 SKETCH OF A TYPICAL OFFSHORE
PLATFORM (BOMBAY HIGH)

In order to find the relative importance between the two
effects of biofouling, viz., increase in effective diameter ang surface
roughness, it is assumed in one set of analysis that biofouling causes
only an increase in the effective diameter, the increase in surface
roughness being negligible. Similarly in another set of analysis, only
the increase in surface roughness is considered, neglecting the increased
member diameter, -

EFFECT OF INCREASED MEMBER DIAMETER
The effect of increased member diameter due to fouling growth
is evalvated for different values of D. The marine fouling thickness
causing the increase in diameters are assumed to be in the range of
50-250 mm, As stated earlier the increase in surface roughness is
neglected and so Cq turns out to be a constant. These values are
_shown graphically in Fig 3.
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FIG. 3 PERCENTAGE INCREASE IN TOTAL LOAD
DUE TO INCREASED FOULING THICKNESS.

EFFECT OF INCREASED SURFACE ROUGHNESS

The increase in surface roughness (and hence Cgz) is indeed
difficult to quantify. HOwever, many authors (Sarpkaya 1981, Heideman
and George 1981, Wolfram 1985, Shore Protection Manual, 1977) have
accepted the range of values for Cg as between 0.6 and 1.0 (the former
value for a smooth member without fouling). In the present analysis,
for different values of Cg, the increase in total load is estimated,
keeping the effective diameter constant. The results are presented in
Table 1 and shown in Fig 4. .
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Table 1: Percentage increase in total load due to increased surface -

. roughness (Cg3 = 0.6 for smooth surface)

Member Percentage increase in total load
d;ameter _ Cd = 0.75 Cd = 0.9 Cqg = 1.0
0.4 m 19.4 3%2.4 53.14
0.6 m 18.0 31,2 . 40.00
0,8 m 7.0 17.7 26.15
1.0m 2.25 6.2 10.60
1.2 m 0.40 3.8 : 7.20
losm - - 0.125

Percenioge increaxe in totalload

1 !

0.6 0.7 08 0.9 0
Drag coelficientiCd)

FIG. 4 PERCENTAGE INCREASE IN TOTAL

LOAD DUE TO INCREASED SURFACE
ROUGHNESS. |
DISTRIBUTION OF TOTAL LOAD TO DIFFERENT ZONES
" As stated above, the drag and inertia dominated regimes ?an'be
expressed in terms of Keulegan-Carpenter Number (Heaf, 1981), defined
as the ratio of member diameter to wave height. Thus, co
 When DYH > 0.2, inertia force dominates
When I¥H < 0.2, drag force dominates.
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: For the typical Bombay High (Offshore) platform under consider-
i atlon, the maximum member diameter is 1.5 m and the wave h210ht is 8.2m.,

/B = 1.5/8.2 = 0.183 £  0.2.

- *This showus that for this situaticn drag force predomlnates.
Hence, it is assumed in the subsequent analysis that the loading in.
each portion of the structure is proportional to the square of the
velocity of the particles, the drag coefficient and the member diameter
Purther, the stress in any member of the structure is

i} .due to local loading by the wave-induced forces on the
memoer 1tsel:,

ii) due to the overall deformation of the structure under
the integrated load on the whole structure.

: In the present analysis, the effect of only the local lozding
is considered. : :

The nature of wave motion is always such that the highest
water particle velocities and accelerations are near the water surface,
Hence, the hichest local loagding will be experienced near the mean water
level and it decreases exponentially as gdepth increases. For the given
offshore conditiong, water particle velocities are calculated using the

relation: -

Horizontal water particle velocity
(u) = T E/T.cosh [2T1'/L(y+d] /s:mh E?TTG/L]

where,

y = depth below mean water level,
The values of u at different bracing levels are given
below:
Decth below m.w.l. y(m) Velocity u (n/sec)

0 ' 2.86

-7 2.06

=22 0.98

~-40 0.41

-59 0.18

-5 0

From the velocities, the forces generated at each level can be
calculated and they are averaged for each of the zones. Thus, an
estimate of the load generated in each zone can be calculated, the
results of which being shown in Fig 5. This estimate enables assessment
of the percentage increase in total load due toO various thlcknesses of
fouling viz., 50 mm, 100 mm, 150 mm and 200 mm (Fig 6).. For this, a
suitable value of C3g is selected (C3 = 1.0 is taken in this case}.

The corresponding increase in total load for this value of Cg is taken
from Table 1. To this, the increase in total load due to increased
merber diameter is added. This sum is now distributed to all the zones,
'perortlonal to their load-generating capacity.
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For example, a 50 mm -fouling on a 0. 4 m diameter member causes
an increase in the total load by 33.75%.. On the same pile, the increased
drag coefficient {Cg = '1.0) causes an increase in total load by 53.15%.
The sum of these two values viz., 86.9% is now dls"rlbuted to all the

zones, proportionately.

The results are plotted in Figs 7 to 10.
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DiSCUSSION

From the figures 3 to 6, it is ¢lear that the increase in
load due to biofouling is more pronounced on smaller diameter members,
Fig 3 also shows that as the member diameter increases, the increase
in the total load tends to increase linearly with growth thickness.
This is quite as expected because for any given marine fouling thickness,
the relative increase in the effective giameter (X/D) is more for
swaller diamecer members, For the same reason, the increase in tozal
load due to increased surface roughness is predominant on smaller
member diameters {Fig 4). It can be seen that the effect of increased
surface roughness is less significant as the merber diameter increases,
From the point of view of increased nydrodynamlc loading due to bio-
zou‘lng. the effect of increased member diameter is mucCh greater than
the efiect of increased surface roughness (Fig 6).

From Fig S, it can be sgen that & greater part of the load
is generated near the mean water level. At depths below 22 m, the load
generated is considerably reduced. This is bscause of the variation of
water particle velocity with depth. As the depth increases, the velocity
of water particles decreases exponentially, reducing to zero at sea bed.
This leads to an important observation that the effect of biofouling in
increasing the hydrodynamic load is significant only in the upper zones
of fouling. But in our analysis, we have ccnsidered only the increase
in local loading, due to fouling growth. HOwever, loads {(and hence
stresses) are also induced due to the overall deformation of the stru-
cture -under the integrated 1lo2d on the whole structure. According to

JHeaf (16aRrl),. & Duf,AO%.of the total.l)oad generated at the splash zone
i5 dué to Toldl LGaGiog SHo e iemdinl Ngrees: _due to structural

loading. AS the depth increases, the’ structuf?%ligédlng"I""rEE%qs-\
exponentially to 99% of the total loading at sea bed. Even with this™
estimate, it can be seen that the efiect o increased hydrodynamic
loading due to biofouling is more significant only in the splash zone
and upto about 22 m depth,

CONCLUSIONS

i) Marine growth can lead to a significant increase in the hydrodynamic
loading on the structure, both overall and local loading,

ii) Predominant increase in hydrodynamic loading due to biofouling is
noticeable from mean sea level down to @ depth of about 22 m. Hence
cleaning operations will be beneficial, if concentrated within this
depth.

iii) Pouling growth is thicker and denser on horizontal members than on
vertical members. Hence, greater part of the load generated by
biofouling is caused by the bracing members, followed by the m3in
legs of offshore structures.
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